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Abstract
Citation: Haware, M.P., Gowda, C.L.L., and McDonald, D. (eds.) 1993. Recent Advances in Research on
Botrytis Gray Mold of Chickpea: summary proceedings of the Second Working Group Meeting to discuss
collaborative research on Botrytis Gray Mold of Chickpea, 14-17 Mar 1993, Rampur, Nepal. Patancheru,
A.P. 502 324, India: International Crops Research Institute for the Semi-Arid Tropics. 36 pp. ISBN
92-9066-263-8. Order code: CPE 082.
Botrytis gray mold (BGM) is a crucial biotic constraint to chickpea production in several South Asian
countries. This publication contains summaries of the findings and recommendations made at the Second
Working Group Meeting on BGM of chickpea (Rampur, Nepal, 14-17 Mar 1993). Research progress
during the past two years in India, Bangladesh, Pakistan, and Nepal is reviewed. The present status of
B GM management, and future research priorities, are discussed. Nine papers on BGM of chickpea are
presented, dealing with such aspects as resistance screening and multilocational trials, breeding pro-
grams, disease management, and the role of crop microclimate. The discussions suggest that since high
level resistance is presently unavailable, an integrated disease management program should be pursued,
using a combination of moderately resistant cultivars, modified cultural methods, and judicious use of
chemicals.
R e s u m e n
Progresos redentes en la investigation del moho gris botritis de garbanzo: actas de la segunda reunion 
del Grupo de trabajo a discutir investigation colaborativa sobre el moho gris botritis de garbanzo, 14-17 
de marzo de 1993, Rampur, Nepal. El moho gris botritis es una importante constriccion biotica a la
producci6n de garbanzo en muchos paises de Asia. Esta publicacion contiene resumenes de las recomen-
daciones hechas en la segunda reunion del Grupo de trabajo sobre el moho gris botritis de garbanzo
(Rampur, Nepal, 14-17 de marzo, 1993.) El progreso alcanzado en las investigaciones durante los ultimos
dos anos en India, Bangladesh, Pakistan y Nepal y tambien se discuten las prioridades futuras de la
investigacion asi como el estado presente del manejo del moho. Se presentan nueve comunicaciones sobre
el moho gris de garbanzo tratando de aspectos como pruebas de resistencia y pruebas multilocacionales,
programas de crianza, manejo de enfermedades y el papel que desempena el microclima de la cosecha.
Las discusiones sugieren que dado que por el momento no se dispone de un alto nivel de resistencia, se
debe seguir un programa integrado de manejo de enfermedades utilizando una combinaci6n de cultivares
moderadamente resitentes, metodos modificados de cultivo y uso prudente de productos quimicos.
Cover: Clusters of con id ia at the t ips of Botrytis cinerea con id iophores (scanning electron
m ic rog raph , x 3500) .
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I n t r o d u c t i o n
Dr P. A m a t y a , Execut ive D i rec to r , Nepa l Ag r i cu l tu ra l Research Counc i l ( N A R C ) , in his
open ing address we lcomed the part ic ipants to Nepa l for the Second Bo t ry t i s Gray M o l d o f
Ch ickpea W o r k i n g G r o u p Mee t i ng . He pointed out that 9 0 % o f the popula t ion in Nepa l
depends on agr icu l ture for its l i ve l i hood , and that chickpea is one of the most impor tant
gra in legume crops in Nepa l (cul t ivated on 28 000 ha, annual product ion 16 600 t) . Bo t ry t i s
gray m o l d ( B G M ) is the most impor tant constraint to chickpea product ion in N e p a l , and so
i t was f i t t i ng that the W o r k i n g Group Mee t ing should be organized by the Cereals and
Legumes A s i a N e t w o r k ( C L A N ) i n col laborat ion w i t h N A R C . D r Ama tya expressed his
hope that the coordinated research on B G M w o u l d eventual ly lead to increased ch ickpea
produc t ion in As ia .
C L A N coordinates a number of w o r k i n g groups that have been set up to address
specif ic prob lems o f I C R I S A T mandate crops in the As ia Reg ion . B G M of chickpea is one
such impor tan t p rob lem in Bangladesh, Nepa l , parts of Pakistan, and in the submontane
regions of Ut tar Pradesh and B ihar in Ind ia . The disease has also been recorded in
Myanmar .
B G M becomes serious f o l l o w i n g frequent rains that cause h igh humid i t y and excessive
plant g r o w t h , factors w h i c h favor both spread and severity of the disease. On l y l ow levels
of resistance to B G M have been found so far in chickpea. A l t h o u g h some l ines show l i t t le
or no damage in the vegetative stage, they may suffer severe f lower in fec t ion and do not set
pods. An in terd isc ip l inary , col laborat ive approach was considered to be necessary to f ind
ways to manage the disease. In v iew of this, the f i rs t W o r k i n g Group Mee t ing was held at
Joydebpur, Bangladesh, du r i ng 4-8 M a r 1991, where part ic ipants agreed to create an
in fo rma l ne twork or ' W o r k i n g G r o u p ' to coordinate research act iv i t ies.
We w i sh to thank the As ian Development Bank ( A D B ) and I C R I S A T for p rov id i ng
funds to ho ld this meet ing , and N A R C for host ing and organ iz ing i t .
At the f i rs t W o r k i n g G r o u p Mee t i ng a wo rk p lan was developed to organize and
faci l i tate col laborat ive research wo rk at var ious research centers in Bangladesh, Ind ia ,
Nepa l , and at I C R I S A T . The w o r k p lan envisaged four major research components: sur-
veys, genetic resistance, cu l tura l pract ices, and ep idemio logy . The presentations made at
this meet ing are based essential ly on the w o r k p lan. The research car r ied out to date was
rev iewed, and future plans were recommended fo r col laborat ive research under the W o r k -
i ng G roup .
Edi tors
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B o t r y t i s G r a y M o l d o f C h i c k p e a
M.P. Haware and D. McDonald
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S u m m a r i e s
Chickpea (Cicer arietinum L.) is the th i rd most impor tant gra in legume in the wor ld after
the c o m m o n bean and the pea. I t is par t icu lar ly impor tant as a source of prote in to the
largely vegetar ian popu la t ion o f South As ia . Though the y ie ld potential o f present-day
ch ickpea cu l t i va rs exceeds 5 t ha
- 1
, thei r actual y ie lds are on ly in the reg ion of 0.7 t ha
- 1
.
The gap between actual and potent ial y ie lds is ma in l y due to the depredations of diseases
and pests. Bo t ry t i s gray m o l d ( B G M ) is an impor tant disease af fect ing chickpea in South
As ian countr ies. I t has been repor ted f r o m Ind ia , Pakistan, Nepa l , and Bangladesh, and we
recent ly noted its occurrence in Myanmar .
In v i ew of the destruct ive potential o f the disease in South As ia , a W o r k i n g Group
Mee t i ng was he ld at Joydebpur, Bangladesh, du r ing 4-8 M a r 1991 to discuss h o w best to
address the p rob lem. In this paper we endeavor to h igh l i gh t the progress of research on
B G M of ch ickpea du r ing the last 2 years.
Host resistance
The Internat ional Crops Research Insti tute for the S e m i - A r i d Trop ics ( I C R I S A T ) , in co l -
laborat ion w i t h G . B . Pant Un ivers i t y o f Agr i cu l tu re and Technology, established a B G M
nursery at Pantnagar, Ind ia , to screen germplasm and breeding mater ials for resistance to
the disease. D u r i n g the 1990/91 and 1991/92 postrainy seasons a large number of F 3 , F 4 , F 5 ,
and F6 progenies and bu lk populat ions were screened in the nursery. L ines showing
resistant react ions as measured on a 1-9 po in t scale (1 - f ree f r o m disease, 9 - k i l l ed ) were
selected. H i g h levels of resistance (3 or be low) are not yet avai lable.
We p lan to systematical ly screen chickpea germplasm in a g rowth room under con-
t ro l led condi t ions ( 2 5 ° C ; RH 100% for 3 days and 7 0 - 8 0 % for the next 7 days) for react ion
to B G M .
B G M resistance in wild Cicer 
T h i r t y - s i x accessions be long ing to seven annual w i l d Cicer species were evaluated for their
react ion to B G M in the cont ro l led env i ronment g row th r o o m a t I C R I S A T Center. A l l
accessions of Cicer judaicum, C. yamashitae, C. cuneatum, C. reticulation, C. echinosper-
mum, and C. pinnatifidum were susceptible. Three accessions of C. bijugum ( I C C W s 4 1 ,
42 , and 91) were resistant (a ra t ing of <3 on a 1-9 scale) to the disease. T w o of these
( I C C W 41 and I C C W 42) were also resistant to ascochyta b l igh t .
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Multilocational testing
Over 100 p rom is ing l ines were screened in the B G M nurseries at Ishurdi (Bangladesh),
Rampur (Nepa l ) , and Pantnagar ( Ind ia) . Fourteen l ines showed f ie ld resistance to B G M at
Ishurd i and Pantnagar (Table 1).
Tab le 1. Reactions of 14 chickpea genotypes to botrytis gray mold at I shurd i (Ban -
gladesh) a n d Pan tnagar ( I n d i a ) , postrainy season 1991/92.
Disease ra t ing
1
Genotype Ishurd i Pantnagar M e a n
I C C 6304 3.0 3.5 3.2
I C C 7322 5.0 3.5 4.2
I C C 7568 5.0 4.5 4.7
I C C 7670 4.0 3.2 3.6
I C C 8529 5.0 4.7 4.8
I C C 12512 5.0 4.7 4.8
I C C 12961 3.5 3.2 3.3
I C C 13816 5.0 4.7 4.8
I C C 15980 5.0 5.0 5.0
I C C 15991 5.0 4.7 4.8
G G 8 2 9 4.0 5.0 4.5
G L 85056 3.0 5.0 4.0
G L 85103 3.0 4.5 3.7
G L 85105 4.5 4.2 4.3
H 208 (cont ro l ) 6.9 7.5 7.2
Loca t i on severi ty index
(mean of 115 entr ies) 6.4 5.4
1. Average of two replications scored on a 1-9 scale, where 1 - free f rom disease, 9 - k i l led .
Integrated disease management
Screening of ch ickpea germp lasm has not revealed any accession w i t h h igh levels of
resistance to B G M . The spread o f B G M is faci l i tated by h igh relat ive humid i t y i n the crop
canopy. Thus , in env i ronments favorable to the disease, ta l l , erect genotypes of chickpea
have less disease incidence than compact , spreading genotypes. F ie ld tr ia ls on integrated
disease management were conducted at Pantnagar in the 1991/92 postrainy season.
A t a l l , erect genotype, I C C L 87322, was sown on 30 Oct 1991 at four d i f ferent plant row
spacings: in single rows 30 cm and 60 cm apart, and in pa i red rows at 45:15:45 and
60 :40 :60 c m . Plant to p lant spacing w i t h i n rows was 10 c m . One set of plots at each
spacing was sprayed w i t h 0 . 2 % v inc lozo l i n ( R o n i l a n
®
) on 14 and 28 Feb 1992.
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I C C L 87322 had lower disease levels when sprayed. At w ide r spacings there was less
disease and h igher g ra in y ie lds than at closer spacings in both fungic ide-sprayed and
nonsprayed plots. These results indicate that i t is possible to manage B G M in chickpea by
sow ing ta l l and erect genotypes (moderately resistant) at w ider spacing w i t h jud ic ious use
of fungic ides (Table 2) .
Table 2. Ef fect of plant spacing a n d fungicide sprays on botrytis gray mold severity
a n d gra in yield in chickpea cul t ivar I C C L 87322, Pantnagar, postrainy season
1991/92.
In te r row spacing
(cm)
Disease ra t ing
1
Y i e l d (t ha- -1)
Sprayed
2
 Nonsprayed Sprayed Nonsprayed
Sing le r ow
30 5.0 (2 .2)
3
 6.0 (2.7) 2.0 1.4
60 3 .7 (1 .9 ) 5 .0 (2 .2 ) 2.2 1.6
Paired r o w
4
45:15:45 4.0 (2.0) 5.0 (2.2) 2.1 1.4
60 :40 :60 3 .0 (1 .7 ) 4 .0 (2 .7 ) 1.9 1.5
SE
Spacing (±0.02) ±0.11
Spray ing (±0.01) ±0.13
Spacing x spray ing (±0.03) ±0 .19
C V (%) 2.7 16.5
1. Final disease rat ing on a 1-9 scale, where 1 - free f rom disease, 9 - k i l led .
2. Fungicide v inc lozo l in (Ron i lan
®
) (0.2%) sprayed on 14 and 28 Feb 1992.
3. Figures in parentheses are based on square root transformation.
4. T w o plant row spacings were used: 45 cm alternating w i th 15 cm, and 60 cm alternating wi th 40 cm .
The effects o f date o f sow ing and g rowth habit on B G M were studied in f ive chickpea
genotypes at Pantnagar. The genotypes were sown on four dates at 2-week intervals f r o m
31 Oct to 14 Dec 1991. Of the f ive genotypes tested, I C C L 87322 and I C C V 88510 were ta l l
and erect , and moderately resistant. H 208 was semispreading and h igh ly susceptible to
B G M , Pant G 114 was semispreading, and K 850 was semierect. Date of sowing inf luenced
the disease severity in a l l the genotypes. De layed sowing in November-December resulted
in l o w levels of disease, even in susceptible cu l t ivars , probably because of reduced g rowth
and canopy development. However , there was signif icant reduct ion in y ie ld in late-sown
plots (Table 3) . I t may be possible to manage B G M of chickpea by manipu la t ing the date
of sow ing , but we need to ident i fy chickpea genotypes that can pe r fo rm better when sown
late.
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Tab le 3. Inf luence of date of sowing a n d growth habi t of 5 chickpea genotypes on
botryt is gray mo ld severity a n d gra in y ie ld , Pantnagar , postrainy season 1991/92.
Disease ra t ing
1
Plot y ie ld ( k g )
2
31
Cu l t i va r O c t
3
14
N o v
29
N o v
14
Dec
31
Oct
14
N o v
29
N o v
14
Dec
H 208 7.2
( 2 . 0 )
4
7.0
(1.9)
5.2
(1.7)
4.2
(1.4)
1.0 1.1 1.0 0.9
Pant G 114 6.0
(1.9)
5.7
(1.7)
4.0
(1.4)
3.2
(1.2)
1.2 1.0 1.0 0.7
K 850 6.7
(1.9)
5.7
(1.8)
4.7
(1.6)
4.0
(1.4)
1.3 1.1 0.9 0.9
I C C V 88510 5.0
(1.6)
4.5
(1.5)
3.7
(1.3)
2.7
(1.0)
1.6 1.4 1.0 0.9
I C C L 87322 4.5
(1.5)
4.0
(1.4)
3.5
(1.2)
2.5
(0.9)
1.4 1.5 1.1 0.8
M e a n 5.9
(1.8)
5.4
(1.7)
4.2
(1.4)
3.3
(1.2)
1.3 1.2 1.0 0.8
SE
Cu l t i va r (±0.03) ±0.07
r
S o w i n g date (±0.05) ±0.1C
Cu l t i va r x sow ing date (±0 .07) ±0.15
C V ( % ) 7.3 25.9
1. Average of four replications scored on a 1-9 scale, where 1 - free f r om disease, 9 - k i l l ed .
2. Plot size: 2 x 4 m.
3. Denotes sowing dates.
4. Figures in parentheses are based on square root transformation.
Conclusions
H i g h level resistance to B G M is not yet avai lable in ch ickpea. Germp lasm enhancement by
cross ing among less susceptible l ines, and by u t i l i z i ng w i l d Cicer species are suggested as
p rom is ing ways to improve resistance and thereby increase y ie lds at the f a r m level .
Integrated disease management should be a regular pract ice in ch ickpea p roduc t ion .
Ind icat ions are that j ud ic ious use of fung ic ides, man ipu la t ion of sow ing date, use of w i d e r
r o w spac ing, and g r o w i n g ta l l and erect genotypes cou ld increase y ie lds o f ch ickpea in
B G M disease-prone areas.
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Plant diseases are caused by microscopic organisms, wh i ch in tu rn are inf luenced by their
immedia te env i ronment , the mic roc l imate . Wha t matters to a fungal spore on the surface of
vegetat ion is the state of the surface; its temperature, whether i t is wet or d r y , and i f i t is
d r y , the hum id i t y w i t h i n the laminar boundary layer. The surface condi t ions in turn depend
on the p reva i l i ng weather; the temperature and humid i ty of the bu lk air, solar rad iat ion,
c loud cover, w i n d speed, and prec ip i ta t ion. In re lat ing disease development to weather, we
need to k n o w whether i t is satisfactory to use standard measurements of var iables on a 
meteoro log ica l site or whether knowledge of the crop microc l imate is important . There is
no s t ra ight forward answer to this quest ion, because the answer i tself depends on the
weather, the c rop character ist ics, and the pathogen behavior. In this paper I w i l l attempt to
i l lustrate cond i t ions where the crop microc l imate may or may not have a strong inf luence
on disease.
Current knowledge
M a n y comments a t the B A R I / I C R I S A T 1 9 9 1 W o r k i n g Group Mee t i ng to discuss col labora-
t ive research on bo t ry t i s gray m o l d ( B G M ) of chickpea indicate that weather is an impor-
tant factor in B G M . In in t roduc ing the recommendat ions o f the W o r k i n g Group i t was
stated that ' inc idence and severity o f B G M is h igh l y dependent on envi ronmental factors '
(Haware et a l . 1992). Ag ronomic practices that m i n i m i z e d y ie ld losses due to B G M were
perceived to affect the disease ma in l y by 'c reat ing a microenv i ronment less favorable to its
deve lopment ' . However , I wonder whether we have suff icient in fo rmat ion to substantiate
that statement.
Associat ions have been made between disease severity and canopy density after heavy
or f requent ra in fa l l ear ly in the crop season (Tr ipa th i and Rath i 1992, Bak r and A h m e d
1992). Ra in fa l l w o u l d inf luence the disease in two ways: by its d i rect effect on the
pathogen and by p romo t i ng vegetative crop g rowth early in the season, leading to a dense
canopy. These t w o effects should be d is t inguished, since the role of microc l imate is l i ke ly
to be more impor tant in the second case.
I t is thought that con id ia requi re free water on the plant surface for in fect ion (Haware
and M c D o n a l d 1992), a l though Rewal and Grewa l (1989) observed germinat ion of one
strain of Botrytis cinerea at 7 5 % relat ive humid i t y ( R H ) in v i t ro . Var ious strains of B.
cinerea d i f f e r in the way that l i gh t , temperature, and RH affect con id ia l germinat ion
(Rewal and Grewa l 1989).
1. ICRISAT, Patancheru, Andhra Pradesh 502 324, India.
H o w Important is Crop Microclimate in Chickpea
Botrytis Gray Mold?
D.R. Butler
1
7
Disease symptoms are affected by weather. F lower d rop and ro t t ing of plant parts are
conspicuous in c loudy weather. Discrete b r o w n spots develop on leaflets w i t h h igh h u m i d -
i ty and l o w temperature; and chlorosis and defo l ia t ion occur at h igh temperature (Haware
and M c D o n a l d 1992).
Required knowledge
To assess the impor tance of m ic roc l imate in disease, we need quanti tat ive in fo rmat ion on
the c rop mic roc l imate and on the response of the pathogen to its envi ronment . A typ ica l
re la t ionsh ip between in fec t ion and surface wetness durat ion is i l lustrated in F igure 1. The
shape of the curve is s im i la r for many fo l ia r diseases, but the parameter values vary w i t h
d i f fe rent pathogen/host combinat ions. I do not know the parameter values for B G M so, for
the purpose of this i l lus t rat ion, I have assumed that the m i n i m u m wetness per iod for
in fec t ion is a l i t t le under 4 h, and that 9 0 % infect ion occurs after 15 h of wetness.
L e t us consider t w o crops, one dense and the other sparse. We w o u l d expect surface
wetness to persist longer in the dense c rop , and it is reasonable to assume that the dense
c rop remains wet 4 h longer than the sparse crop each t ime a wet t ing event occurs.
We first examine a s i tuat ion where wetness persists on the dense crop for 8 h each day.
There w o u l d be 4 h of wetness in the sparse c rop , insuff ic ient for substantial in fec t ion , but
in the dense c rop 8 h of wetness w o u l d be suff icient for 6 0 % of the m a x i m u m possible
in fec t ion ( F i g . 1). In this case, therefore, the crop microc l imate w o u l d have a dramat ic
ef fect on disease.
Figure 1. Relationship between leaf wetness duration and infection by foliar diseases. 
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N o w consider a weather pat tern in w h i c h wetness persists on the dense c rop fo r 16 h 
each day. There w o u l d be suff ic ient wetness in the sparse c rop (12 h) to cause 8 0 %
in fec t ion and this w o u l d increase to just over 9 0 % in the dense c rop (F ig . 1). In this case
the ef fect o f c rop mic roc l imate w o u l d be smal l and d i f f i cu l t to demonstrate exper imenta l ly .
The i l lus t ra t ion above is hypothet ica l , but I have t r ied to make i t real ist ic. The response
curve to wetness is very s im i la r to that w h i c h we have determined for groundnut rust
(Bu t le r and Jadhav 1990), and exposed leaves typ ica l l y d r y about 4 h ear l ier than do
sheltered leaves w i t h i n c rop canopies.
The fact that I had to use a hypothet ica l i l lust rat ion is an ind icat ion that we need more
quant i tat ive i n fo rma t i on about B G M . We need to determine the parameters for B. cinerea 
w h i c h w o u l d enable us to d raw a response curve s imi la r to F igure 1. We also need
in fo rma t i on on the c rop m ic roc l ima te , to quant i fy di f ferences in wetness durat ion and
h u m i d i t y fo r crops o f d i f ferent g row th habits and canopy densit ies. W i t h this in fo rmat ion i t
w o u l d be possible to assess the effectiveness of d i f ferent agronomic practices such as
choos ing t a l l , erect genotypes, chang ing the t ime of sow ing , and adjust ing plant spacing in
he lp ing t o cont ro l B G M .
For pathogens such as B. cinerea where a i rborne con id ia are an impor tant dispersal
mechan ism, sporu lat ion c o m m o n l y depends to a large extent on air humid i t y . Con id ia are
usual ly produced when the relat ive hum id i t y exceeds a threshold and i f this is the case for
B G M , the c rop mic roc l imate cou ld determine whether the threshold is passed. There are
c o m m o n l y consistent d i f ferences between air humid i t ies measured in crops and on mete-
oro log ica l sites. A s im i la r argument to that fo r in fec t ion w o u l d ho ld for sporu la t ion; the
mic roc l ima te becomes impor tan t when the effect o f weather condi t ions is marg ina l .
I suspect that we are not yet in a pos i t ion to pred ic t disease outbreaks f r o m the weather
w i t h cer ta in ty , so we are cer ta in ly not able to precisely assess the impor tance of m i c r o c l i -
mate to the disease. O u r f i rs t p r i o r i t y should be to improve our understanding of how
weather affects B G M . I t m i g h t then be possible to ident i fy situations where mic roc l imate
has a strong inf luence on disease.
Further studies
The f o l l o w i n g areas of research are suggested to improve our knowledge about the effect
o f weather on B G M . The i n fo rma t i on w o u l d a l low us to develop forecast ing systems,
assess the effectiveness o f m ic roc l imate man ipu la t ion in reduc ing B G M , and improve our
in terpretat ion o f screening t r ia ls .
• Con t ro l l ed env i ronment exper iments to determine the effects of wetness durat ion and
temperature on in fec t ion , us ing d i f ferent strains of B. cinerea. 
• Cont ro l led env i ronment exper iments to determine the effects of humid i t y and tempera-
ture on sporu la t ion. Use d i f ferent strains of B. cinerea. 
• Compar i son of disease development in dense and sparse canopies (using genotypes w i t h
d i f fe ren t g r o w t h habi ts) . Inc lude observat ions on leaf wetness persistence in re lat ion to
weather.
• Ana l ys i s of weather patterns to see i f there w o u l d be a consistent advantage in chang ing
the s o w i n g date.
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Screening for Botrytis Gray M o l d Resistance
in Chickpea in Ind ia
Y.P.S. Rathi and H.S. Tripathi
1
Bot ry t i s gray m o l d ( B G M ) caused by Botrytis cinerea is one of the most impor tan t f o l i a r
diseases of ch ickpea. A l t h o u g h prevent ive measures such as chemical sprays and w i d e
row spacings he lp to reduce disease intensi ty, resistant cu l t ivars of fer the most economic
cont ro l o f the disease. W o r k on B G M of ch ickpea was taken up in 1984 a t G . B . Pant
Un i ve rs i t y o f Ag r i cu l t u re and Technology ( G B P U A T ) , Pantnagar ( 2 9 ° N , 79° 3 0 ' E ) , w h i c h
is si tuated in the Terai reg ion of Ut tar Pradesh, Ind ia . The studies began th rough an Ind ian
Counc i l o f Ag r i cu l t u ra l Research ( I C A R ) research pro ject ent i t led 'Studies on surv iva l and
management aspects of gray m o l d of ch ickpea caused by Botrytis cinerea' . Th i s pro ject
had the f o l l o w i n g object ives:
• to establ ish a B G M screening nursery ;
• to develop an ef fect ive f ield screening technique;
• to car ry out extensive screening of germplasm accessions to ident i fy sources of
resistance;
• to conduct ep idemio log ica l studies; and
• to develop an integrated disease management strategy.
The screening p rogram was fur ther strengthened in 1986 through a G B P U A T - I C R I S A T
col laborat ive pro ject .
Since 1984, more than 8 500 germplasm accessions, inc lud ing breed ing mater ia ls ( F 3 ,
F 4 , and F 5 populat ions) received through the A l l Ind ia Coordinated Pulses Improvement
Project ( A I C P I P ) o f I C A R and f r o m I C R I S A T , have been screened. The test entr ies were
sown in 2 m long rows (at 30 x 10 cm spacing) at the end of October every year. One row
of the susceptible cu l t i va r H 208 was sown after every t w o rows of test entr ies. A l l test
entr ies were repl icated tw ice . Inocu la t ion w i t h a fungal spore suspension was car r ied out
when the plants were 80-90 days o ld (at onset of f lowering), and repeated tw ice at 10-day
intervals. To ensure h i g h humid i t y in the screening nursery , a l i gh t i r r i ga t ion was g iven
pr io r to the f i rs t inocu la t ion . A f t e r the second and th i rd inoculat ions, h i gh humid i t y was
main ta ined in the c rop through spr ink le r i r r i ga t i on every 2-3 days.
Observat ions on the disease were made thr ice: in m id -Feb rua ry , and the f i rst and last
weeks of M a r c h . The disease sever i ty/damage was rated v isua l l y by scor ing i nd i v i dua l
rows on a 1-9 scale (1 - h i gh l y resistant, 9 - h i g h l y susceptible). P romis ing entr ies were
selected on the basis of the f inal ra t ing , and these were fur ther tested in a greenhouse in the
succeeding year.
1. G.B. Pant Univers i ty of Agr icu l ture and Technology, Pantnagar, Uttar Pradesh 263 145, India.
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The results of germplasm screening indicated that none of the l ines screened remained
complete ly free f rom in fec t ion. However, 22 l ines namely, ICCs 1069, 1609, 4107, 6250,
7574 , 7670, 8919, 9689 , 10302, 12961, 12963, 15938, and 15979, I C C L 87322, I C C V
88510 (a l l f r o m I C R I S A T ) ; BGs 256, 261, and 306, H 86-73, H 86-96, E 100Y, and E 
1 0 0 Y ( M ) ( f r om A I C P I P ) showed resistant reactions (severity score 3). Most of the entries
that showed resistant react ions were of the erect /compact type.
Despi te the considerable efforts of plant breeders and plant pathologists, no h igh degree
of resistance to B G M has so far been found in chickpea. Fur ther screening of germplasm
and breed ing mater ia l should be cont inued in the hope of ident i fy ing more resistant
germp lasm.
Studies o n B o t r y t i s G r a y M o l d o f C h i c k p e a
i n N e p a l
P.B. Kark i
1
, S. Joshi
2
, G. Chaudhary
1
,
and R.N. Chaudhary
1
Chickpea is the th i rd most impor tant gra in legume crop in Nepa l , where i t is w ide ly g rown
as a sole or m i xed crop in the Terai and inner Terai regions. Bot ry t i s gray m o l d ( B G M )
caused by Botrytis cinerea is an impor tant y i e l d - l im i t i ng factor in chickpea in Nepa l . The
disease is endemic in Ch i twan distr ic t .
Reasons for poor pod-setting
F lower d rop leading to poor pod-sett ing has been observed at some locations in Nepa l .
Exper iments were car r ied out at Rampur in 1990/91 and 1991/92 to determine the causes
(suspected to be B G M and soi l factors) of poor pod-set t ing. In 1991 a signif icant increase
in pods per plant and seed y ie ld was obtained f o l l o w i n g spraying w i t h the fungic ide
Bav is t in® (Table 1). The fungic ide spraying x genotype interact ion was signif icant. The
increase in y ie ld was h igher in susceptible variet ies than in the resistant cu l t ivar Dhanush.
In a pot exper iment at Rampur, i r respect ive of genotype, plants g rown in soi l col lected
f r o m Parwan ipur produced more pods per plant than those g r o w n in soi l f r om Rampur. I t is
therefore thought that both B G M and soi l factors ( low pH and associated nutr i t ional
p rob lems) are responsible for the poor pod-sett ing of chickpeas g rown at Rampur.
1. Nat ional Gra in Legume Research Programme, Rampur, Nepal.
2. Plant Pathology D iv is ion , Nepal Agr icul tural Research Counci l , Kathmandu, Nepal .
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Table 1. Effect of Bav is t in
®
 spray on pods per plant and seed yield in 13 chickpea
genotypes at R a m p u r , Nepa l , 1991/92 season.
Pods per plant Y i e l d (kg ha
- 1
)
Genotype Contro l Sprayed Contro l Sprayed
Dhanush 35 51 508 817
Si ta 11 32 269 662
T r i s h u l 35 48 493 761
I C C 1894 7 31 142 891
I C C L 86237 5 16 111 488
I C C L 86313 12 29 120 325
I C C X 840508-21 17 45 367 1466
I C C X 840508-32 23 33 238 793
I C C X 840508-36 10 31 250 977
I C C X 840508-38 14 30 263 822
I C C X 840508-40 20 38 556 1334
I C C X 840508-41 19 29 263 980
I C C X 840511-25 18 52 261 1006
C V (%) 3.6 10.7 7.6 7.5
L S D (P - 0.05) 1.4 8.3 48.6 141.6
Host resistance
Breed ing ch ickpea for resistance to B G M is a major object ive of the varietal improvement
program in Nepa l . Ch ickpea germplasm and breeding l ines f r om internat ional and nat ional
programs have been screened at several locat ions in Nepal since 1985 to ident i fy sources of
resistance, and genotypes w i t h moderate resistance and h igh y ie ld potent ial .
A total of 201 ch ickpea l ines f rom the Internat ional Chickpea B G M Nursery at Rampur
were screened for resistance to B G M in 1990 and 1991. Based on leaf and/or f lower
in fec t ion , none of the genotypes was rated resistant/tolerant in either year. Entr ies f rom the
national B G M nurseries at Tarahara, Parwanipur, and Rampur were screened du r ing the
1990/91 and 1991/92 seasons. The disease incidence was very low at Tarahara and Par-
wan ipur in 1991/92. M o s t of the genotypes tested in 1990/91 were rated 3 to 5 on a 1-9 scale
(Table 2) . A m o n g these, three genotypes (Dhanush and its der ivat ives I C C X 840508-33
and I C C X 840508-41) were found resistant over locations and years. In 1991/92, 24 of the
244 l ines tested at Rampur showed satisfactory levels of resistance to both leaf and f lower
in fec t ion . The react ions of these l ines are being ver i f ied. Past results have indicated that
the cu l t i va r Dhanush , a loca l ly adapted chickpea l ine , has f ie ld tolerance to B G M .
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Tab le 2. Ch ickpea genotypes moderately resistant to botrytis gray mold at different
locations in N e p a l , 1990/91 season.
Loca t i on Genotype
Parwan ipur I C C X s 8 4 0 5 0 8 - 2 1 , 840508-32 , 8 4 0 5 0 8 - 3 3 ' , 840508-36, 840508-38, and
8 4 0 5 0 8 - 4 1
1
; ICCs 1894, 86237, 87305, 87332, and 87333; I C C V s 89303,
89304 , 89310, and 89328 ; D h a n u s h ' , Gaurav, and K a l i k a .
Tarahara I C C X s 840508-26 , 8404508-30 , 8 4 0 5 0 8 - 3 1 , 840508-33
1
, and
8 4 0 5 0 8 - 4 1
1
; I C C 1894; I C C L s 86237 , 87305 , 87313 , and 87333 ; I C C V s
89302 , 89303, 89304, 89310, 89330, 89332, and 89333; Gaurav, and
Dhanush
1
.
Rampur I C C X s 8 4 0 5 0 8 - 2 1 , 8 4 0 5 0 8 - 2 5 ' , 8 4 0 5 0 8 - 3 1 , 840508-32
1
, 8 4 0 5 0 8 - 3 3 ' ,
840508-36 , 840508-38
1
, 840508-40, and 8 4 0 5 0 8 - 4 1
1
; and D h a n u s h ' .
1. Had simi lar disease reactions dur ing 2-3 years of testing at the specified locations.
Agronomic manipulation for B G M control
The l ow levels of resistance, and the changes in disease react ions of several chickpea l ines
over locat ions and years, have made breeding for B G M resistance a d i f f i cu l t task. There-
fo re , studies were conducted to ident i fy agronomic practices that m i n i m i z e B G M severi ty.
De lay in sow ing great ly suppressed B G M incidence. However , seed y ie lds o f genotypes so
far tested in Nepa l tend to be reduced by delayed sow ing ( N G L R P 1988, 1992). T w o
cu l t i va rs , Dhanush ( f ie ld resistant to B G M ) and Sita (BGM-suscep t ib le ) , were sown at
Rampur w i t h d i f ferent spacings and in tercropping. The disease severity d id not d i f fe r
s ign i f icant ly whether genotypes were g r o w n at 40 cm or 60 cm row spacing, or whether
they were g r o w n as a sole c rop or as a m i x e d c rop w i t h mustard.
Effect of pH on different B G M isolates
Isolates of Botrytis cinerea f r o m Janakpur (eastern Nepa l ) , Parwanipur, Rampur (central
Nepa l ) , and Nepa lgun j (western Nepa l ) were studied for their pH requi rement in potato
dextrose agar. A s l igh t ly acidic m e d i u m ( p H 6) was most conducive to g row th .
T w o d i f fe rent types o f isolates o f B G M were ident i f ied: sporu lat ing isolates f r o m
Janakpur and Rampur , and sc lero t ia - forming isolates f r o m Parwanipur and Nepa lgun j .
Conclusions
• Bo th B G M and soi l - re lated prob lems are invo lved in poor pod-set in chickpea at
Rampur .
• The released var iety Dhanush has shown consistent f ie ld tolerance to B G M at Rampur.
• De layed sow ing suppresses B G M severity in Nepa l . However , the variet ies released so
far are not suitable fo r late sow ing .
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M u l t i l o c a t i o n a l Screen ing for B o t r y t i s G r a y M o l d
Resis tance i n I n d i a
Vishwa Dhar
1
, Y.P.S. Rathi
2
, H.S. Tripathi
2
, Mahendra Pal
3
,
Gurdip Singh
4
, M.P. Haware
5
, and J.P. Upadhyay
6
Bot ry t i s gray m o l d ( B G M ) is an impor tant fo l ia r disease af fect ing ch ickpea in nor thern
Ind ia . D u r i n g the last three decades several ep iphytot ics of this disease have caused heavy
y ie l d losses in parts of the Indo-Ganget ic plains and the northwest plains zone. A f t e r ma jo r
outbreaks in Ha ryana and Punjab in the 1979/80 and 1980/81 seasons, the disease has
occur red on l y sporadical ly in these states. However , in the Terai regions of western Ut ta r
Pradesh, B G M has occur red regu lar ly throughout the last decade.
In order to iden t i f y BGM- res i s tan t var iet ies, ch ickpea l ines b red by var ious centers
under the A l l I nd ia Coord inated Pulses Improvement Project ( A I C P I P ) were extensively
screened at N e w D e l h i , Ludh iana (Punjab), Pantnagar (Ut ta r Pradesh), D h o l i (B ihar ) and
I C R I S A T Center, Patancheru. The results of screening du r i ng the 7 years f r o m 1985/86 to
1991/92 are summar ized in this paper.
M o s t o f the genotypes screened were entries f r o m the coordinated var ie ta l t r ia ls ( C V T )
cont r ibu ted by the cooperat ing centers of A I C P I P . The screening was done in the f ie ld at
Pantnagar and D h o l i and in the greenhouse at N e w D e l h i , Ludh iana , and Patancheru.
In f ie ld screening, the react ions of test entries to the disease were recorded when the
disease intensi ty reached a m a x i m u m on the susceptible cont ro l l ines (H 208 or L 550) . In
greenhouse tests, observat ions were recorded 5-7 days after inocu la t ion , when the disease
development was m a x i m u m . Test entr ies were graded on a 1-9 scale (1 - no disease, 2-3 -
resistant, 4-5 - moderate ly resistant, 6 - moderately suscept ible, 7-9 - suscept ible).
The locat ion severi ty index ( L S I ) values under f ie ld screening at Pantnagar and D h o l i
ranged between 3.2 and 6 .1 , ind icat ing that disease pressure was moderate at these loca-
t ions du r i ng al l years o f screening. Under ar t i f i c ia l inocu la t ion screening in the green-
house, the disease pressure was h igher as evidenced by the h igh L S I range of 5.8-7.1 at
N e w D e l h i , 7.0-8.8 at Ludh iana , and 7.6-8.9 at Patancheru. Th i s permi t ted ef fect ive
screening fo r resistance against B G M . None of the test entr ies exh ib i ted a h igh level of
resistance under a r t i f i c ia l screening. W h i l e the ma jo r i t y were found to be suscept ib le, a 
few showed moderate resistance/tolerance (4-5 on a 1-9 scale) to B G M . Under f ie ld
screening a re la t ive ly large number of entr ies exh ib i ted moderate levels of resistance.
1. Directorate of Pulses Research, Kalyanpur, Kanpur, Uttar Pradesh 208 024, India.
2. G.B. Pant Univers i ty of Agr icu l ture and Technology, Pantnagar, Uttar Pradesh 263 145, India.
3. Indian Agr icu l tura l Research Institute, New Delh i 110 012, India.
4. Punjab Agr icu l tura l Univers i ty , Ludhiana, Punjab 141 004, India.
5. I C R I S A T Center, Patancheru, Andhra Pradesh 502 324, India.
6. T i rhu t Col lege of Agr icu l tu re , D h o l i , Muzaf farpur dist., B ihar 843 121, India.
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Screening was done du r ing a l l the 7 years (1985/86 to 1991/92) at Pantnagar, for 6 years
at N e w D e l h i , 3 years at Ludh iana , 2 years at Patancheru, and for on ly 1 year at D h o l i . The
results of screening at the d i f ferent locations are shown in Table 1.
Table 1. Ch ickpea coordinated varietal t r ia l entries moderately resistant to botrytis
gray mold in mult i locat ional testing under the A l l I nd ia Coordinated Pulses Improve-
ment Project , I n d i a , 1985-1992.
Tota l N o . o f moderately resistant entr ies
entr ies
Loca t i on screened 1 year 2 years 3 years
N e w D e l h i 1095 48 B G s 240, 257, 276, BGs 212, 244, 256,
297, 298 , and 318; and 267; G L 769,
B G M 405, B G M
424, G N G 158, G L
83119, Hs 86-18,
86-156, and 86-158;
I C C C 10, I C C C 4 2 ,
I C C V 88103, K P G
59, K P G 143 -1 ,
PDGs 83-33, 83-34,
and 84-10
(21 entries)
Gaurav (6 entries)
Ludh iana 518 27 B G 209, G L 8 6 0 5 1 ,
H 86-39, H 86-156,
I C C 1069, I C C
7574, I C C V 88102
(7 entries)
Not tested
I C R I S A T 368 4 Not tested No t tested
Center
Pantnagar 1265 105 B G s 209, 240, 2 6 1 , B G s 212, 244, and
267, 276, 297, 298, 256; G C P 6, P D G
299, 3 2 1 , 329 , and 83-33, Gaurav
3 4 4 ; B G M s 4 1 3 ,
4 1 7 , a n d 4 3 1 ; G B G s
158, 426, and 432;
G G 715, G L 86152,
Hs 86-18, 86-39 ,
86-72, and 86-156;
I C C 1032, I C C
1069, I C C V 89445,
K 3256, N D G 8605,
P D G 83-34, P D G
84-5 (30 entries)
(6 entries)
D h o l i 187 7 No t tested Not tested
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At Pantnagar, where 1265 entr ies were tested du r ing the 7 years, 105 exh ib i ted moderate
resistance fo r one season, and 30 for t w o seasons. Six entries (BGs 212 ,244 , and 256, G C P
6, P D G 83-33 , and Gaurav) showed fa i r l y stable but moderate levels of resistance for three
seasons. At D h o l i , where entr ies were screened for one season on ly , BG 212, BG 256,
G C P 6, Gaurav, GG 715, H 86-156, and GL 83119 were ident i f ied as moderately resistant.
A m o n g 1095 entr ies screened in the greenhouse at N e w De lh i , 48 exh ib i ted moderate
resistance fo r one season, 21 for t w o seasons, and 6 for three seasons. At Ludh iana seven
entr ies were f ound to be moderate ly resistant to B G M for two seasons, but these were not
tested d u r i n g the th i rd season.
At Patancheru on ly four entr ies (H 86-18, H 86-232, HK 88-209, and Gaurav) showed
moderate resistance du r i ng 1990/91, when the disease pressure was rather low ( L S I 7.6).
In 1988/89 ( L S I 8.9) a l l the test entr ies were rated as susceptible. However , the four entr ies
found to be moderate ly resistant in 1990/91 were not inc luded in the 1988/89 t r i a l .
In add i t ion to the C V T entr ies, 858 breeding lines developed at Ludh iana were screened
for B G M resistance under ar t i f ic ia l inoculat ion tests dur ing the 1990/91 and 1991/92
seasons. Of these, GL 90159 and GL 91040 showed resistance and 30 others were m o d -
erately resistant (Table 2) .
Table 2. Breeding lines showing resistance to botrytis gray mold at L u d h i a n a ,
1990-92.
Tota l l ines
Disease rat ing
1
screened 3 4-5
858 G L 90159 ,
G L 91040
GFs 89-26, 89-28, 89-40, 89-62, 89-118, 89-120 ,
8 9 - 1 2 1 , and 89-177; G L s 84147, 84190, 84297, 85018 ,
85059, 85090, 86015, 87049, 87053, 88202, 88225,
88358, 88393, 88395, 89025, 89026, 89027, 90048 ,
90062 , 90160, 91035, and 91039.
1. Scored on a 1-9 scale, where 3 - resistant, 4-5 = moderately resistant.
Nineteen entries wh i ch exh ib i ted stable and broadbased, moderate levels of resistance
to B G M were ident i f ied at the test locat ions under f ie ld and greenhouse screening. These
are: B G s 209 , 212, 240 , 244 , 256 , 267, 276 , 297, and 298, G C P 6, G N G 158, G L 769 , G L
83119, Hs 86-18, 86-39 , and 86-156, I C C 1069, P D G 83-33, and Gaurav.
Three l ines have been earl ier ident i f ied as resistant to B G M : I C C 1069 at Pantnagar
(Chaube et a l . 1980), and BG 276 and BG 298 at N e w De lh i (Yadav 1992). The cu l t i va r
Gaurav is also moderate ly resistant to ascochyta b l igh t and thus appears to possess m u l t i -
ple resistance against t w o very impor tant diseases. Chickpea l ines reported resistant to
B G M in Ind ia shou ld be evaluated under h igh disease pressure at locat ions l i ke Rampur in
Nepa l to c o n f i r m thei r resistance before they are recommended as donor parents for
resistance breed ing programs in Ind ia .
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Progress i n t h e M a n a g e m e n t o f
B o t r y t i s G r a y M o l d o f C h i c k p e a i n B a n g l a d e s h
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Widespread occurrence of diseases is the most impor tant constraint to ch ickpea product ion
in Bangladesh. A m o n g the diseases, bot ry t is gray m o l d ( B G M ) is considered to be the
most damag ing . I t may cause total c rop loss in years of epidemics (Bakr and A h m e d 1992).
In recent years the disease has occur red regu lar ly in Bangladesh due to rains in February ,
w h i c h caused excessive vegetative g row th . Ef for ts are being made to contain the damage
caused by B G M , and there has been col laborat ive w o r k between the Bangladesh A g r i -
cu l tu ra l Research Inst i tute ( B A R I ) and I C R I S A T since 1990. The f i rs t B A R I / I C R I S A T
B G M W o r k i n g G r o u p Mee t i ng was held i n Bangladesh, du r i ng 4-8 M a r 1991. The w o r k
p lan developed at the meet ing inc luded four components: surveys, genetic resistance,
cu l tu ra l pract ices, and ep idemio logy . Research on B G M done in Bangladesh is descr ibed.
Surveys
Farmers ' f ie lds in Bangladesh were surveyed j o i n t l y by the Crop D ivers i f i ca t ion Pro-
g ramme ( C D P ) o f Bangladesh and I C R I S A T f r o m 23 Feb to 3 M a r 1992. The ma jo r
object ives inc luded assessment of b iot ic and abiot ic constraints to the product ion of rabi
pulses l i ke ch ickpea, len t i l , and lathyrus. D u r i n g the 1991/92 season the o v e r w h e l m i n g
biot ic constraint to ch ickpea product ion was B G M . The major ch ickpea-grow ing regions
of west Bangladesh (e.g. , Far idpur , Kusht ia , Jessore, Jhenaidah, and Magura) were bad ly
affected by the disease, especial ly where c rop canopies were dense. The on ly reg ion where
the disease was not a ma jo r p rob lem was the B a r i n d tract. Thus , there were clear ind ica-
t ions that B G M in fec t ion was less intense in more open c rop canopies and in canopies w i t h
lower re lat ive humid i t y ( R H ) ( I C R I S A T 1992). D u r i n g the survey we also ident i f ied a local
germp lasm l ine w h i c h was re lat ive ly free f r o m B G M .
Genetic resistance
Screening fo r B G M resistance was in i t iated at Ishurd i du r ing the 1990/91 postrainy season,
in co l labora t ion w i t h I C R I S A T . E igh ty -s i x ch ickpea l ines were screened in that season and
115 more ( rece ived f r o m I C R I S A T ) in the 1991/92 season, under natural f ie ld condi t ions.
The h i g h l y susceptible cont ro l entry I C C 4954 was sown as a disease 'spreader ' after
every fou r test entries. H i g h RH was created by i r r iga t ion and by spraying the plants w i t h
water us ing knapsack sprayers.
1.
2.
Pulses Research Centre, Regional Agr icu l tura l Research Station, B A R I , Ishurdi. Bangladesh.
Crop Diversi f icat ion Programme, Dhaka, Bangladesh.
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Of the 86 ch ickpea l ines screened in both 1990/91 and 1991/92, the f o l l o w i n g 10 l ines
showed resistance/tolerance to B G M dur ing both years: ICCs 5035, 6304 , 12963, 14911,
14912 ,15973 ,15978 , and 15982, I C C L 15986, and I C C L 85086. Of the 115 l ines screened
in 1991/92, 13 were rated as resistant/ tolerant. In the 1992/93 season, we are retest ing a l l
these l ines, plus 30 more sent f r o m I C R I S A T , and results of 3 years of test ing w i l l be
avai lable at the end of the season. We shal l use the most resistant l ines in the b reed ing
program in fu ture.
Cultural control
W i d e spacing between plants and appl icat ion of fung ic ida l sprays can ef fect ive ly reduce
B G M - r e l a t e d losses. A study was undertaken to integrate such disease management prac-
tices as seed treatment (carbendazim 2 5 % + th i ram 5 0 % , 1:1), fo l ia r spray of carbendaz im
and w ide r o w spacing (75 cm) . T w o fo l ia r sprays were appl ied at a 14-day in terva l . Fo l i a r
spray comb ined w i t h seed treatment was found to be more effect ive than fo l i a r spray alone.
Seed treatment, by itself, was inef fect ive. The disease was also reduced s ign i f icant ly by
w i d e spacing alone, but the y ie ld was lower than that obtained w i t h the seed treatment/
fo l ia r spray combina t ion . The exper iment is be ing repeated du r ing the 1992/93 season w i t h
t w o addi t iona l treatments namely , in tercropping w i t h l inseed and use of the B G M - t o l e r a n t
l ine I C C L 87322.
Epidemiology
Studies on the development o f B G M in d i f ferent chickpea genotypes were conducted
d u r i n g the years 1989-91, and physica l factors were mon i to red . The results were docu -
mented in the summary proceedings o f the f i r s t B G M W o r k i n g G r o u p Mee t i ng (Haware e t
a l . 1992). The temperature and RH at the onset of the disease were 14°C and 8 9 % , recorded
at 0700 h, and 26°C and 7 7 % at 1300 h. M a x i m u m in fec t ion was observed f r o m 13-26 Feb ,
du r i ng w h i c h per iod the mean temperature ranged f r o m 17 to 28°C , and RH f r o m 70 to
9 7 % .
Ongoing studies
D u r i n g the 1992/93 c ropp ing season the f o l l o w i n g four exper iments are be ing conducted:
• Screening of ch ickpea l ines for resistance to B G M .
• Integrated management o f B G M in ch ickpea, us ing w ide row spacing (60 c m ) , seed
treatment ( B a v i s t i n
®
 + th i ram) , fo l ia r spray ( B a v i s t i n
®
) , use of tolerant var iety I C C L
87322 , in terc ropp ing w i t h l inseed, and a combina t ion of these treatments.
• E f fec t o f date o f sow ing and g row th habi t on the incidence o f B G M . T h i s includes four
dates of sow ing at 10-day intervals, star t ing in ear ly November , as m a i n treatments and
five cu l t i va rs as subtreatments.
• E f fec t o f p lant spacing and fo l ia r sprays w i t h fung ic ide in B G M con t ro l . Th is includes
no spray/ fo l ia r spray of R o n i l a n
®
 on one tolerant and one susceptible cu l t i var as m a i n
treatments. Subtreatments inc lude t w o spacings (60 and 40 cm) and t w o pai red rows at
45:15:45 and 60 :40 :60 c m .
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Future prospects
Recent ly , research on pulses has received excellent support through the CDP, and faci l i t ies
for b reed ing for disease resistance are being strengthened. A mist i r r iga t ion system is
be ing instal led in the B G M nursery. These developments w i l l enhance our capabi l i ty for
ef fect ive screening against B G M and other diseases. We hope to increase the breeding and
management efforts to m i n i m i z e the threat f r om this disease to the product ion of chickpea.
Present Status a n d F u t u r e R e s e a r c h O u t l o o k for
B o t r y t i s G r a y M o l d - a Potent ia l T h r e a t
t o C h i c k p e a i n P a k i s t a n
B.A. Mal ik, S.M. Iqbal, and M. Bashir
1
Chickpea occupies 7 2 % of the area under pulse crops in Pakistan. A l t hough improved
chickpea cu l t ivars have y ie ld potentials of 4-5 t ha
- 1
, the actual y ie ld is on ly about 0.5 t 
ha
- 1
. The gap between potential and actual y ie ld is due to b iot ic and abiot ic constraints.
A m o n g the fungal diseases, ascochyta b l igh t and bot ry t is gray m o l d ( B G M ) are potent ia l ly
impor tant .
Occurrence of disease
Bot ry t i s gray m o l d o f ch ickpea occurs sporadical ly in ch ickpea g row ing areas, par t icu lar ly
in the ear ly -sown c rop . An epidemic du r ing 1980/81 in Punjab state resulted in substantial
losses ( N A R C 1981), but since then no severe outbreak has been observed. The disease
was also observed on chickpea and lent i l in off-season nurseries in the Kaghan val ley
(2200 m ) .
Survival of the pathogen
The pathogen has a w ide host range. Under natural c l imat ic condi t ions in Pakistan, B G M is
more serious on lent i l than on chickpea. Botrytis cinerea survives in the seed and on
infected c rop debr is .
1. National Agr icu l tura l Research Centre, Islamabad, Pakistan.
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Importance of climate
The disease requi res h igher temperatures (24-26°C) and humid i t y (90%) than does as-
cochy ta b l i gh t , w h i c h appears ear l ier in the season. It has general ly been observed at the
Nat iona l Ag r i cu l t u ra l Research Center ( N A R C ) , Is lamabad, that ascochyta b l igh t starts
appear ing in ch ickpea and lent i l in the last week of February or f i rs t week of M a r c h ,
whereas B G M starts appear ing in m i d - M a r c h or A p r i l , and causes serious crop damage
when h u m i d condi t ions preva i l for a long per iod .
Host resistance
At present B G M is not considered a serious prob lem on chickpea in Pakistan, and so on ly
very l im i t ed w o r k has been done to ident i fy sources of resistance. D u r i n g 1980/81 ( N A R C
1981), 104 ch ickpea genotypes were sown at Is lamabad, Tarnab, Faisalabad, and Lahore
for screening against fo l ia r diseases (ascochyta b l ight and B G M ) . None was resistant, but
N E C 138-2 was tolerant to the disease. Erect type chickpea genotypes appear to be less
susceptible than spreading types.
Chemical control
Pre l im ina ry in v i t r o evaluat ion of 14 fungic ides against B. cinerea was carr ied out using
poisoned food techniques (Nene and Thap l i ya l 1979). Most of the fungic ides s igni f icant ly
inh ib i ted g row th of the fungus; complete inh ib i t ion was observed w i t h Ben la te
®
 and
Tecto-60®. P romis ing fungic ides w i l l be evaluated under f ie ld condi t ions.
Future outlook
No ch ickpea cu l t i var w i t h h igh level resistance to B G M is as yet avai lable. Integrat ion of
such disease management strategies as reduc ing plant density, m o d i f y i n g moisture levels
in the c rop canopy, in tercropp ing, changing sowing date, seed treatment, c rop rotat ion, and
remova l of debr is should help reduce the disease in the f ie ld. There fore , agronomists,
c l imato log is ts , breeders, and pathologists must wo rk together to develop appropriate d is-
ease management strategies.
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B r e e d i n g for B o t r y t i s G r a y M o l d Resistance
a t I C R I S A T
S.C. Sethi, Onkar Singh, and H.A. van Rheenen
1
At I C R I S A T , breeding for bot ry t is gray m o l d ( B G M ) resistance in chickpea started after
the disease epidemics of 1979/80 and 1980/81 in Pakistan and nor thern Ind ia . We have
been co l laborat ing since 1985 w i t h G .B . Pant Univers i ty of Agr i cu l tu re and Technology,
Pantnagar, in screening for B G M resistance. Segregating populat ions, single plant p ro-
genies, and advanced breeding l ines have been screened at Pantnagar. Th is has enabled us
to incorporate f ie ld resistance in the adapted backgrounds, a l though h igh levels of resis-
tance have not so far been achieved. The f o l l o w i n g approaches are suggested for the
improvement o f B G M resistance in cul t ivated Cicer. 
Breeding
A f t e r the in i t ia l crossing among adapted and disease-resistant parents, F2 populat ions are
screened in w i l t -s ick plots at I C R I S A T Center, Patancheru. Thereafter, F 3 / F 4 bu lks are
screened in the B G M screening nursery at Pantnagar. Single plant progenies are fur ther
screened in the F 4 /F 5 generations in this nursery. The F 5 / F 6 progeny bulks are evaluated
for y ie ld in normal f ie lds using appropriate controls. Super ior breeding l ines are evaluated
in regular y ie ld tr ia ls and their disease react ion is fur ther con f i rmed in the B G M nursery.
Detai ls of breed ing mater ia ls screened at Pantnagar f r o m 1989/90 to 1992/93 are g iven in
Table 1.
Table 1 . I C R I S A T breeding materials screened in the Collaborative Botrytis G r a y
M o l d Screening Nursery at G . B . Pant University of Agr icul ture and Technology,
Pantnagar , 1989-1993.
Number of l ines screened
Breed ing mater ia ls 1989/90 1990/91 1991/92 1992/93
F 3 bu lks
F 4 / F 5 bu lks
F 4 progenies
F 4 / F 6 progeny bu lks
F 5 progenies
F 6 progenies
Advanced l ines
25
1
98
104
34
14
71
114
17
1
87
53
10
12
1
367
38
33
37
1. ICRISAT, Patancheru, Andhra Pradesh 502 324, India.
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T w o hundred and s ix ty -e ight progeny bu lks selected after screening at Pantnagar were
tested in no rma l f ields at H isar in the 1991/92 season. O n l y 24 progeny bu lks exceeded the
average y ie ld of the best con t ro l . Of 23 entries tested in repl icated y ie ld t r ia ls , 16 entr ies
exceeded the cont ro l y i e l d .
I C R I S A T scientists have col laborated closely w i t h nat ional scientists in N e p a l , B a n -
g ladesh, and Ind ia in deve lop ing l ines resistant to B G M . Some of the moderate ly resistant
l ines ident i f ied in Ind ia are I C C V s 88101, 88103, 88510, 89307, and 89445, and I C C L
87322 . We have recent ly developed a cont ro l led-env i ronment g row th room fac i l i t y at
I C R I S A T Center, in w h i c h ch ickpea mater ia ls w i l l be screened in fu ture. We w i l l be able to
screen large numbers of plants in qu ick succession, thus supplement ing the f ie ld screening
at Pantnagar.
Germplasm enhancement
A scheme to p y r a m i d BGM-res is tan t genes f r o m di f ferent sources to increase the overal l
level of resistance is presented in Table 2. I t involves crossing var ious moderate ly resistant
genotypes, screening large F 2 / F 3 populat ions, select ing resistant types, and intercrossing
the resistant types to enhance resistance levels. We have generated F2 populat ions of four
s ingle crosses ( I C C 5035 x I C C 6306 , I C C 11874 x I C C 12961, I C C 12963 x I C C 15973,
and I C C 15993 x I C C L 87322) and t w o double crosses among these. These w i l l be
screened in the g row th r o o m in 1993/94. Resistant plants w i l l be u t i l i zed in m a k i n g fur ther
crosses to generate mater ia l for fur ther cycles of select ion.
Interspecific crosses
Three accessions of the w i l d species C. bi jugum ( I C C W s 4 1 , 42 , and 91) are resistant to
B G M . As cross ing between ch ickpea and C. bijugum is d i f f i cu l t , b io technology must be
used to transfer genes f r o m w i l d Cicer to Cicer arietinum. 
Plant type
Genotypes w i t h erect habi t (e.g. , I C C L 86237, I C C L 87322, and H 89-167) are less
vulnerable to B G M because o f thei r open canopy. There fo re , select ion for such types w i t h
h igh y i e l d potent ia l may he lp to overcome the p rob lem.
Cold tolerance
Cold- to lerant genotypes that can f lower early and set pods through the co ld season may
escape B G M damage. Tolerance to co ld coupled w i t h early f lower ing cou ld check exces-
sive vegetative g r o w t h and lead to early comple t ion of podd ing . A number of co ld- to lerant
l ines have been developed and these should be tested in B G M - e n d e m i c areas.
Mutation breeding
Seed o f ch ickpea var iety I C C V 6 was i r radiated and the M 2 and M 3 populat ions were
screened in B G M screening nurseries a t Pantnagar ( Ind ia) and Rampur (Nepa l ) . These
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Table 2. Scheme for enhancement of resistance to botrytis gray mold in chickpea
germplasm.
Season Ac t i v i t y
1
1 P 1 x P 2 P3 x P 4 P5 x P6
P 7 x P 8
2 F1
X F, F, X F,
(80)
2
(80) (80) (80)
3 F 2 F1' F 2 F 2 F1 ' F 2
(4000) (160) (4000)
x -
(4000) (160) (4000)
4 F3 F 2 F , F 1 " F 3 F 2 F 3
(400) (8000) (400) (320) (400) (8000) (400)
5 F 4 F3 F 4 F 2 F 4 F 3 F 4
(8) (400) (8) (16000) (8) (400) (8)
6 8-x F 4
(8)
8-x F 3
(400)
8-x F 4
(8)
8-x
7 8-x F 4
(8)
8-x
8 8-x
1. F1 = Single cross, F,' - 4-way cross, F1" = 8-way cross.
8-x : these 8 selected lines are inducted into the breeding scheme, corresponding to the parents P1...P8.
This scheme results in 7 main streams; 4 single crosses, 2 double crosses, 1 eight-way cross.
At any t ime after the first screening, parents can be selected f rom segregating populations for conventional
breeding or to initiate another cycle under this scheme.
2. Figures in parentheses refer to number of plants in respective generations.
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f i rs t ef for ts to use muta t ion breed ing for B G M resistance improvement were not success-
f u l , but we suggest that they be cont inued.
Late sowing
Late sow ing checks excessive vegetative g r o w t h , and consequently B G M incidence/sever-
i ty . Genotypes w i t h specif ic adaptat ion to late sow ing are be ing bred in var ious programs,
and can be tested fo r tolerance to , or escape f r om B G M .
B o t r y t i s G r a y M o l d o f C h i c k p e a : Progress o n
B r e e d i n g for Resistance a t P a n t n a g a r , I n d i a
I.S. Singh
1
Chickpea is the most impor tant g ra in legume in Ind ia , both in area cropped and in
p roduc t ion . Bo t ry t i s gray m o l d ( B G M ) disease can be quite devastating to chickpea crops
in nor thern Ind ia , Bangladesh, and Nepa l . In the last few years, research co l laborat ion
between G .B . Pant Un ive rs i t y o f Ag r i cu l t u re and Technology ( G B P U A T ) and I C R I S A T
has helped to develop re l iable f ie ld techniques to screen chickpea germplasm for resistance
to B G M . Studies i n v o l v i n g crosses w i t h BGM-res is tance donors have also enabled us to
determine the mode o f inher i tance o f resistance. Disease react ion to B G M in F 1 , F 2 , and
F3 generations has been shown to be under monogenic con t ro l , resistance be ing dominant
over suscept ib i l i ty (Chaturved i and S ingh 1991). Wha t fo l l ows here is an account of the
B G M resistance research w o r k car r ied out at Pantnagar du r ing the 1990/91 and 1991/92
seasons.
In 1989/90, F1s of t w o crosses (C 235 x I C C 10302 and C 235 x I C C 1069) were made.
These were space-sown in 1990/91 to obta in suff ic ient F2 seed, w h i c h was then space-sown
in the B G M nursery at Pantnagar. O n l y resistant plants were retained and advanced to
fur ther generat ions. B G M resistance be ing monogenic dominant , i t was s imple to discard
susceptible plants. Resistant plants were i nd i v idua l l y harvested to be g rown as plant
progenies d u r i n g the 1992/93 season in the B G M nursery.
In add i t i on , in 1990/91 F1s of six crosses were made between three h igh -y ie ld ing
var iet ies ( A v r o d h i , Pb G1, and BG 239) and two BGM-res is tance donors ( I C C 10302 and
I C C 1069). These were space-sown in 1991/92 for advancement to F 2 .
The var ie ty I C C L 87322 was ident i f ied as a BGM-res is tance donor in the I C R I S A T -
G B P U A T B G M nursery a t Pantnagar. Th is was crossed in 1991/92 w i t h three
agronomica l l y el i te var iet ies, BG 329 , K P G 59 , and P D G 84-10.
1. G.B. Pant Univers i ty of Agr icu l tu re and Technology, Pantnagar, Uttar Pradesh 263 145, India.
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Future strategy 
W i t h the avai lab i l i ty of moderately BGM-res is tan t chickpea l ines, i t is now possible, using
the re l iab le f ie ld screening fac i l i ty at Pantnagar, to ident i fy resistant plants in the breeding
nursery. I C C V 88510, wh i ch has moderate resistance to B G M , is being crossed w i t h newer
h igh -y ie ld ing l ines du r ing the postrainy season 1992/93. Segregants f rom these crosses are
expected to combine adequate levels o f B G M resistance w i t h good y ie ld ing ab i l i ty .
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R e c o m m e n d a t i o n s
The present w o r k p lan fo r the Bo t ry t i s Gray M o l d o f Chickpea W o r k i n g Group was
developed d u r i n g the Second W o r k i n g Group Mee t i ng , held a t Rampur, Nepa l , du r i ng
14-17 M a r 1993. The discussions took in to account the earl ier wo rk plan prepared at the
Bangladesh meet ing in 1991, and the progress made since then.
App rop r i a te research centers were ident i f ied for each area of research.
Surveys
In Bang ladesh, a survey of f a rmers ' f ie lds was undertaken f rom 23 Feb to 3 M a r 1992, to
ident i fy constraints to the product ion of postrainy season pulses (chickpea, len t i l , and
la thyrus) . A systematic survey is needed to obta in in fo rmat ion on B G M d is t r ibu t ion in
Pakistan. Scientists were requested to organize surveys to determine the extent of losses
caused b y B G M i n thei r countr ies.
The need fo r funds and manpower (expert ise) was ident i f ied to a l low disease surveys to
be conducted in N e p a l , Pakistan, Myanmar , and Ind ia .
Screening for resistance
F ie ld screening of ch ickpea for B G M resistance has been standardized, and disease
screening nurser ies are in operat ion at Pantnagar ( Ind ia) and lshurd i (Bangladesh). The
present locat ion (Rampur ) in Nepal was fel t to be unsuitable for B G M screening because
of so i l ac id i ty and associated nut r i t iona l problems. I t was recommended that a suitable
locat ion (Bha i rahwa/Parwan ipu r ) in Nepal should be ident i f ied.
Jessore (Bangladesh) and D h o l i ( Ind ia) were ident i f ied as sites for f ield screening.
Fac i l i t ies for screening under cont ro l led condi t ions are available at I C R I S A T Center,
Patancheru. I C R I S A T should take up systematic screening of chickpea germplasm and
shou ld faci l i tate the exchange of p romis ing mater ia l among members of the W o r k i n g
G r o u p . However , there is a need to correlate the disease reactions in the f ield w i t h results
from screening and plant growthrooms/greenhouses.
Wild species
Three accessions of Cicer bijugum were found resistant to B G M . Attempts should be made
to transfer genes f r o m w i l d Cicer to Cicer arietinum. (Locat ion : I C R I S A T Center.)
Muitilocational testing
I C R I S A T has fo rmula ted a ch ickpea B G M nursery. Other centers were requested to
cont r ibute p rom is ing l ines to the nursery for mu i t i loca t iona l screening. (Locat ions: Pant-
nagar, D h o l i , Ludh iana , l shu rd i , Jessore, Rampur (Bha i rahwa) , and Parwanipur ; locat ions
for screening are to be ident i f ied in Pakistan and Myanmar . )
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Plant type
Plant hab i t appears to be impor tant for disease escape. In erect plants the f lowers are
f o r m e d above the mic roc l imate of the leaf canopy. Such escape mechanisms should be
exp lo i ted . (Locat ions : I C R I S A T Center, Pantnagar, Rampur , and Ishurdi . )
Time of sowing
F ie ld exper iments at Pantnagar and Ishurd i indicated that late sow ing of chickpea reduces
disease intensi ty , but also reduces y ie ld s igni f icant ly in norma l years. There fore , ch ickpea
var iet ies sui table fo r late sow ing should be ident i f ied and screened. (Locat ions: Pantnagar,
I shu rd i , Rampur , and Is lamabad.)
Spacing
N o r m a l or ear ly sow ing results in a th ick canopy w h i c h may prov ide a suitable m i c r o c l i -
mate for in fec t ion and b u i l d u p o f the i nocu lum. W i d e r spacing between rows cou ld
ef fec t ive ly reduce disease intensity and increase y ie ld . W i t h w ider spacing, plants have
less shelter/shade f r o m w i n d and sun. Leaves d ry more qu ick l y and leaf wetness per iods
are reduced. Appropr ia te spacings ( in te r row and plant to plant) for ch ickpea cu l t i va t ion in
disease-endemic areas need to be wo rked out. (Locat ions: Pantnagar and Ishurdi . )
Chemical control
Several fung ic ides (Ron i lan®, Bav is t in®, etc.) were reported to be ef fect ive in con t ro l l i ng
B G M of ch ickpea. However , the use of chemicals alone is not economica l and their use
shou ld be integrated in to an overal l disease management p rogram. (Locat ions: Ishurd i and
Pantnagar.)
Epidemiology
A beg inn ing has been made on some aspects of basic ep idemio logy research.
S u r v i v a l . Botrytis cinerea can surv ive in the seed and on host debr is for at least one year.
However , the ro le of infected seed and debr is in epiphytot ics is not k n o w n . Sources of
p r i m a r y i nocu lum shou ld be invest igated. (Locat ions: Pantnagar, I shurd i , Rampur , and
Is lamabad.)
Microc l ima t ic studies. I t was recommended that wherever instruments were unavai lable
to mon i t o r var iables such as leaf wetness and canopy temperature, s imple exper iments
shou ld be p lanned. A susceptible ch ickpea l ine should be sown at d i f ferent dates, and leaf
wetness pe r i od and progress of the disease mon i to red every m o r n i n g . M i n i m u m and
m a x i m u m temperatures, R H , ra in fa l l , and hours o f sunshine f r o m meteorological sites
shou ld be he lp fu l in our ef forts to understand disease development. Env i ronment x ge-
notype x pathogen (E x G x P) interact ion studies may be conducted in cont ro l led env i ron -
29
ment at I C R I S A T Center. I C R I S A T microc l imato log is ts should be requested to associate
w i t h pathologists to p lan these studies. (Locat ions: Pantnagar, I shurd i , and Rampur. )
Pathogenic variability
There are bo th sclerot ia- and nonsclerot ia-producing isolates of B. cinerea in nature. W o r k
in i t ia ted in Nepa l shou ld be cont inued to understand the pathogenic var iab i l i t y among
these isolates. (Locat ions : Khuma l t a r and Pantnagar.)
Disease rating scale
At present a 1-9 po in t scale is used to measure the disease in the f ield. Th i s scale needs to
be m o d i f i e d fo r ep idemio log ica l studies (quant i tat ive measurement).
Training
I C R I S A T was requested to conduct in -count ry t ra in ing programs on B G M o f ch ickpea in
Nepa l and Bangladesh. The t ra in ing programs should cover loss assessment studies,
screening techniques, and measurement of incidence/severi ty of the disease in greenhouses
and in the f ie ld .
Botrytis Gray Mold of Chickpea Working Group
The G r o u p fel t that other scientists w o r k i n g on B G M of ch ickpea should be ident i f ied and
kep t i n f o r m e d about the act iv i t ies of the W o r k i n g Group . I t was felt that the W o r k i n g
G r o u p w o u l d be most ef fect ive w i t h regular meetings and cont inu i ty in attendance.
I t was also agreed that research w o r k should be strengthened in the countr ies con -
cerned. T h e Cereals and Legumes As ia Ne two rk ( C L A N ) was requested to ident i fy f und -
ing sources fo r laboratory equipment and f ie ld supplies (Rampur and Ishurd i ) and t ra in ing
( N e p a l , Pakistan, Bang ladesh, and M y a n m a r ) , to support research on B G M o f ch ickpea.
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Ishurdi, Bangladesh, May 1991. Participants at the first meeting of the BGM of Chickpea Working Group. The 
ongoing resistance screening/breeding program at Ishurdi is being strengthened with additional funding and new 
equipment (such as a mist irrigation system for the BGM nursery). 
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M.P. Haware, Senior Scientist (Pathology)
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Field evaluation of the BGM nursery by delegates at the Second Working Group meeting, Rampur, Nepal, March 1993. 
Researchers have worked at Rampur since 1990 on various aspects of BGM of chickpea. Additional studies have now 
been proposed, specifically on epidemiology and disease management. 
32
About ICRISAT
The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most
of India, parts of southeast Asia, a swathe across sub-Saharan Africa, much of southern
and eastern Africa, and parts of Latin America. Many of these countries are among the
poorest in the world. Approximately one sixth of the world's population lives in the SAT,
which is typified by unpredictable weather, limited and erratic rainfall, and nutrient-poor
soils.
ICRISAT's mandate crops are sorghum, pearl millet, finger millet, chickpea, pigeonpea,
and groundnut; these six crops are vital to life for the ever-increasing populations of the
semi-arid tropics. ICRISAT's mission is to conduct research which can lead to enhanced
sustainable production of these crops and to improved management of the limited natural
resources of the SAT ICRISAT communicates information on technologies as they are
developed through workshops, networks, training, library services, and publishing.
ICRISAT was established in 1972. It is one of 18 nonprofit, research and training centers
funded through the Consultative Group on International Agricultural Research (CGIAR).
The CGIAR is an informal association of approximately 50 public and private sector
donors; it is co-sponsored by the Food and Agriculture Organization of the United Nations
(FAO), the World Bank, and the United Nations Development Programme (UNDP).
ICRISAT
International Crops Research Institute for the Semi-Arid Tropics
Patancheru, Andhra Pradesh 502 324, India
ISBN 92-9066-263-8 Order code: CPE 082 Printed at ICRISAT Center 93-219
